To determine the incidence and prevalence of treated epilepsy in an adult Medicaid population.
Medicaid, financed jointly by the US federal and state governments, provides health care coverage for low-income families and for individuals with disabilities. Medicaid is the single largest health insurer in the United States with an average monthly enrollment of nearly 60 million beneficiaries. 1 In general, subjects enrolled in Medicaid are educationally and socioeconomically disadvantaged and a large number of them have disabling physical and/or mental ailments, several of which are also risk factors for epilepsy. However, no study, to our knowledge, has specifically examined the incidence and/or prevalence of epilepsy in this subgroup of the US population. Both incidence and prevalence data on Medicaid beneficiaries are crucial for the complete understanding of the burden of epilepsy in the United States. Moreover, this information is necessary for planning appropriate actions or interventions to provide needed health care and support services for this highly vulnerable subgroup of the population. This study was designed to estimate the incidence and prevalence of epilepsy in the Medicaid population. We hypothesized that Medicaid beneficiaries had high incidence and prevalence of epilepsy, likely greater than the US general population. METHODS Standard protocol approvals, registrations, and patient consents. This study was approved by the Institutional Review Boards at Case Western Reserve University and by the Ohio Department of Job and Family Services.
Data source. We obtained Ohio Medicaid claims data between 1992 and 2006 from the Ohio Department of Job and Family Services. Medicaid claims data consist of enrollment and claims files. For each enrollee, the enrollment files carry data on demographic characteristics, duration of enrollment, and eligibility category. The claims files encompass claims for care received in the physician's office, inpatient/outpatient hospital settings, including emergency departments, as well as prescription drugs, and include the dates of service, diagnosis, and procedure codes. Prescription drug claims are for filled prescriptions only; they carry the date when the prescription was filled, drug name, dose, and number of days supplied. The diagnoses are coded using the ICD-9-CM. The procedure codes are in ICD-9 in the inpatient claims, but in Current Procedural Terminology, 4th edition, or in the Healthcare Common Procedures Coding System in the outpatient claims.
Study population. We performed a retrospective, dynamic cohort analysis, which means that the population at risk changes over time as people enter (or leave) the cohort throughout the study period. Subjects entered our cohort if they were between 18 and 64 years of age at the time of enrollment. We created a subcohort for incidence estimation in which we selected only those subjects who had enrolled in Medicaid for $5 years. Individuals who had enrollment gaps between the first and the last dates of enrollment of .20%, those who enrolled in managed care programs, the Medicare program, or spend-down program were excluded from analyses because of potentially incomplete claims data.
Epilepsy case ascertainment. We used standard criteria for epilepsy case ascertainment consistent with previous studies that used claims data. [2] [3] [4] Individuals were identified as having epilepsy if they met the following criteria (figure e-1 on the Neurology ® Web site at www.neurology.org): Definition of prevalent and incident cases. Cohort members meeting the epilepsy case definition were identified as prevalent cases. Individuals were considered incident cases if they met the epilepsy case definition for the first time and had no epilepsy or seizure claims for $5 years before epilepsy onset (epilepsy-free interval) (figure e-1). To allow for all subjects to have $5 years of an epilepsy-free interval before epilepsy onset, incident cases were identified between 1997 and 2006.
Identification of comorbid conditions. Because of the overrepresentation of disabling physical and/or mental ailments in the Medicaid population, 5 several of which are risk factors for epilepsy, subjects were determined as having preexisting disability and/or comorbid conditions, including brain tumor, depression, developmental disorders, migraine, schizophrenia, stroke, and traumatic brain injury (TBI), when at least one of these conditions occurred before the epilepsy index date (figure e-1). The preexisting disability was determined by the presence of disability status in the enrollment files. The preexisting comorbid conditions were identified by the presence of $2 ICD-9-CM codes of the conditions of interest ( Analysis. The prevalence of epilepsy was estimated by dividing the number of persons with epilepsy (PWE) by the total number of cohort members. The incidence rate (IR) of epilepsy was calculated by dividing the number of incident cases of epilepsy by the number of accrued person-years across the study period between 1997 and 2006. We used log-binomial Poisson regression analysis to estimate prevalence ratio (PR) and log-linear Poisson regression to estimate IR ratio (IRR), controlling for sex, age, race, preexisting disability, and comorbid conditions. In addition, we estimated attributable risk for each comorbid condition using the equation (IR exposed 2 IR unexposed )/IR exposed , where IR exposed represented the incidence of epilepsy among subjects with preexisting comorbid condition of interest and IR unexposed represented the incidence of epilepsy among subjects without preexisting comorbid condition of interest. Because of a small number of new cases among subjects with preexisting disability and/or comorbid conditions, the incidence estimates by sex, race, and age of epilepsy onset were unstable and therefore were not presented. All analyses were performed using SAS software, version 9.2 (SAS Institute Inc., Cary, NC). The GENMOD procedure was used for Poisson regression analysis. All p values were 2-sided and values ,0.05 were considered statistically significant. The prevalence of epilepsy in men was significantly higher than in women. We noted that age-specific prevalence increased significantly with age. Blacks had significantly higher prevalence than whites. In addition, prevalence of epilepsy among subjects with preexisting disability was significantly greater than that of subjects without preexisting disability (PR, 18.2; 95% CI, 17.3-19.1). Likewise, the prevalence of epilepsy among subjects with preexisting comorbid conditions was also significantly higher than that in subjects without preexisting comorbid conditions (PR, 7.1; 95% CI, 6.8-7.4). The prevalence of epilepsy stratified by sex, age, and race in subjects with preexisting disability and in subjects with preexisting comorbid conditions is shown in figure 1.
RESULTS
Incidence cohort. There were 80,478 subjects who had enrolled in Medicaid for at least 5 years and met other inclusion criteria, for a total follow-up of 444,375 person-years (table 1) . Similar to the prevalence sample, 57.7% were young adults (aged 18-34 years), and 73.5% were white. The mean age was 28.5 6 13.2 years (range, 18-64 years). The proportion of subjects with preexisting disability was slightly higher than in the prevalence sample. Almost half of the subjects had preexisting disability and nearly 40% of the subjects had one or more preexisting comorbid conditions of interest. Between 1997 and 2006, 1,608 subjects were identified as incident cases of epilepsy. The mean age at epilepsy onset was 43.6 6 12.7 years (range, 18-64 years). The majority of incident epilepsy cases had preexisting disability and/or comorbid conditions before epilepsy diagnosis. Similar to prevalent cases, depression, stroke, and developmental disorders were among the most common preexisting comorbid conditions.
Incidence of epilepsy. The IR of epilepsy among Medicaid beneficiaries was 360/100,000 person-years (95% CI, 340-380/100,000 person-years) (table 2). The IR significantly increased with age and was significantly higher in men. Blacks had significantly higher IRs than whites. Compared with subjects without preexisting disability, those with preexisting disability had a significantly higher risk of epilepsy (IRR, 11.7; 95% CI, 9.4-14.6) . Similarly, the risk of epilepsy was significantly increased in subjects with preexisting comorbid conditions compared with those without (IRR, 4.7; 95% CI, 4.1-5.4). The incidence of epilepsy stratified by sex, age, and race in subjects with preexisting disability and in subjects with preexisting comorbid conditions is shown in figure 2 .
DISCUSSION A number of studies have reported the incidence and prevalence of epilepsy but have not specifically investigated these in low-income populations in the United States. By examining the Medicaid population, this longitudinal cohort study demonstrates for the first time that epilepsy is much more common in this socioeconomic demographic than previously suspected. The incidence and prevalence of epilepsy in the general population appear to be lower than in the Medicaid population and therefore cannot be applied to this population. Our findings emphasize that data on incidence and prevalence of epilepsy specific to people on Medicaid are necessary for assessing the burden of epilepsy and planning of health services for this indigent population. Previous studies have shown that people in lower socioeconomic class have higher incidence of several diseases, 6 including epilepsy. [7] [8] [9] Nonetheless, it remains unclear why socioeconomically deprived populations have a high risk of developing epilepsy. Genetic susceptibility 10 and/or the presence of significant socioeconomic differentials in health-risk behaviors, exposure to occupational and environmental health hazards, or access to and use of proper medical care could potentially put people in low socioeconomic status at risk of developing epilepsy or other neurologic conditions that lead to epilepsy. A high incidence and prevalence of epilepsy in the Medicaid population is not unexpected. Medicaid is the principal safety-net health insurance program in the United States for low-income adults, disabled individuals, and the elderly. 1 The majority of Medicaid enrollees have poor health and have a high prevalence of chronic medical conditions. 5 Some of these chronic conditions, especially depression, migraine, and schizophrenia, might share common underlying neuropathologic or physiologic dysfunction with epilepsy. 11 Other conditions, including Abbreviations: CI 5 confidence intervalI; IRR 5 incidence rate ratio; NC 5 not calculated; PR 5 prevalence ratio. a Prevalence of epilepsy per 1,000. b Incidence rate of epilepsy per 100,000 person-years. c Subjects with any comorbid conditions, including brain tumor, depression, developmental disorders, migraine, schizophrenia, stroke, or traumatic brain injury, before epilepsy onset.
brain tumor, 12 stroke, 13 and TBI, 14 are well-known risk factors for symptomatic epilepsy. Our data suggest that among these preexisting conditions, brain tumor, TBI, and stroke (although less common than depression and developmental disorders) carry a higher risk of developing epilepsy (table 3) . The incidence of epilepsy varies substantially across studies depending on the study population, method of case ascertainment, and diagnostic accuracy. [15] [16] [17] In the United States, the annual incidence of epilepsy ranges from 15 to 71/100,000 person-years. 3, 9, 18 Nonetheless, these studies consistently show that adults aged 25-64, the healthiest subgroup of the population, have the lowest incidence of epilepsy. 9, 19, 20 A study of people in the health maintenance organizations (HMOs) reports that the incidence of epilepsy in this age group varies between 12.4 and 20.9/100,000 person-years. 20 The low incidence estimate in the HMO population is probably attributable to the fact that enrollment in HMOs is employment-based and employed individuals are likely to be healthy and therefore have low risk of developing epilepsy. 20 In contrast, we found that the incidence of epilepsy is highest in young and middle-aged adults. Similar to the incidence, the prevalence of epilepsy also varies widely. 15, 17 The prevalence of epilepsy in the United States usually ranges from 5 to 9/1,000. 3, 18, [21] [22] [23] [24] [25] Studies using door-to-door survey normally report higher prevalence than those using the medical record review or medical contact. 21 A study in people who enrolled in a managed care organization shows that the prevalence of epilepsy for people aged 20 to 64 is approximately 7-8/1,000. 3 We found that the prevalence of epilepsy in adult Medicaid beneficiaries is much greater, especially in those with preexisting disability. Medicaid individuals with disability are a diverse group of people with a wide variety of conditions that cause physical and/or psychological impairments and limitations. 26 Many of the disabled individuals in Medicaid have several forms of disabilities. Approximately half of them have physical impairments and functional limitations, and almost 40% have severe Prevalence of epilepsy for the low-income population in the United States between 1992 and 2006 by sex, race, and age at epilepsy diagnosis (A) Prevalence of epilepsy for people with preexisting disability. (B) Prevalence of epilepsy for people with preexisting brain tumor, stroke, depression, developmental disorders, migraine, schizophrenia, and/or traumatic brain injury. Note: Prevalence of epilepsy by sex, race, and age for people without preexisting disability or comorbid conditions is shown in figure e-2.
mental illnesses. 26 These conditions, such as autism and mental retardation, are closely related to epilepsy. 27 Interestingly, we found that among people with preexisting disability, white women aged 25-34 have the highest prevalence of epilepsy ( figure 1A) . The reason for a substantially high prevalence in this subgroup is less clear. Because psychogenic, nonepileptic seizures typically present in young women, 28, 29 one might speculate that a high prevalence of epilepsy in this subgroup might be attributable to diagnostic error as some of the women with nonepileptic seizures might have been misdiagnosed as having epilepsy and treated with antiepilepsy drugs. It could also be that the underlying conditions resulting in disability in these young women Incidence rate of epilepsy for the low-income population in the United States between 1997 and 2006 by sex, race, and age at epilepsy onset (A) Incidence rate of epilepsy for people with preexisting disability. (B) Incidence rate of epilepsy for people with preexisting brain tumor, stroke, depression, developmental disorders, migraine, schizophrenia, and/or traumatic brain injury. are more severe and/or closely associated to epilepsy. However, without clinical information, these assumptions cannot be tested. Previous epidemiologic studies show that the incidence and prevalence of epilepsy increase with increasing age. 15, 21 In the Medicaid population, this pattern is only seen in the subgroup of people without preexisting disability and/or comorbidities (figure e-2) and in women with preexisting comorbid conditions ( figure  1B) . For other subgroups, especially those with disability, we found that epilepsy incidence and prevalence actually decrease as age increases. Our data also show that the prevalence of epilepsy in the youngest subgroup of black males, black females, and white males with preexisting comorbid conditions is substantially lower than that in the older age group ( figure 1B) . The inverted U-shape distribution of age-specific incidence or prevalence is normally seen in reports from developing countries 30 or less-developed regions of an industrialized country. 31 Because the majority of Medicaid individuals have preexisting disability and/or comorbid conditions, it is possible that these conditions in persons aged 25-34 and 35-44 are more severe and therefore result in a greater risk of developing epilepsy and/or premature mortality. A prior study shows that the risk of premature death is significantly increased during the first few years after epilepsy diagnosis. 32 However, whether this is also true for the Medicaid population requires further study.
The major limitation of this study is that we relied solely on ICD-9-CM diagnosis codes and pharmacy claims for epilepsy case ascertainment. The process of assigning ICD-9-CM codes is complex and is therefore subject to errors. 33 To ensure the validity of a diagnostic paradigm that depends largely on ICD-9-CM codes, reviewing medical records of the identified (and the unidentified) cases is necessary. Unfortunately, under the current data user agreement, we are not allowed to link Medicaid beneficiaries to their medical records because of privacy concerns. Without precise clinical information, the validity of our case ascertainment remains unknown. Nonetheless, we used very stringent criteria to identify PWE (figure e-1). In addition, for incident epilepsy cases, we required that subjects be enrolled in Medicaid for $5 years before epilepsy diagnosis and that there was no epilepsy or seizure diagnosis during that time period. These criteria are conservative and therefore highly specific in the identification of PWE. Requiring a long period of enrollment before epilepsy diagnosis might introduce a selection bias favoring older populations, and genuine newly diagnosed epilepsy cases recently enrolled into the program may be missed. Because of the strict case definition, the incidence and prevalence of epilepsy in this study could have been underestimated. Nevertheless, we demonstrate a very high incidence and prevalence of epilepsy in the Medicaid population.
Whether our findings could be generalizable to the Medicaid population in other geographic areas is debatable. Each state in the United States is responsible for their own Medicaid program under regulations and guidance of the federal government. 26 The states have considerable discretion for eligibility policy, benefit coverage, and program administration. In addition, many states have expanded coverage beyond what federal Medicaid law requires. Nonetheless, the sickest and poorest among the states, including children, low-income parents, and individuals with disability, account for the majority of the Medicaid population. 26 Ohio Medicaid is no exception. In addition, enrollment and eligibility for adults in Ohio Medicaid are consistently ranked in the middle among other states and therefore could be considered as "typical" for Medicaid programs in the United States. 34 The proportion of beneficiaries in each eligibility group in the Ohio Medicaid program is also largely comparable to national estimates. 35 Consequently, the incidence and prevalence of epilepsy reported in this study can be viewed as reasonable estimates for determining health care needs and for planning service delivery for the entire Medicaid population. Nonetheless, these data should be used with caution. At a minimum, our findings indicate that epilepsy is a significant public health problem and disproportionately represented in the low-income population of an otherwise high-income country. 
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